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CLASSIFICATION AND MODELLING OF
EXCEPTION TYPES FOR INTEGRATION
MIDDLEWARE SYSTEMS

BACKGROUND

Enterprise application integration is a process of linking
multiple business applications (e.g., supply chain manage-
ment applications, enterprise resource planning (ERP) sys-
tems, customer relationship management (CRM) applica-
tions, business intelligence applications, payroll and human
resources systems, etc.) together to simplify and automate
business processes. Each application may reside on different
operating systems and/or use different database solutions,
computer languages, or data formats. Integration middleware
systems can address the fundamental need for application
integration by acting as the messaging hub between applica-
tions. These middleware systems mediate messages between
the applications typically in formats like Extensible Markup
Language (XML) and JAVASCRIPT Object Notation
(JSON).

SUMMARY

The present disclosure relates to computer-implemented
methods, computer-readable media, and computer systems
for modeling exception flows in an integration system. One
computer-implemented method includes identifying, by
operation of an application integration system, an exception
corresponding to an integration operation of an integration
process, determining, by operation of the application integra-
tion system, a type of the exception, determining, by opera-
tion of the application integration system, one or more excep-
tion handling patterns for the type of the exception, and
configuring, by operation of the application integration sys-
tem, an exception flow of the integration process based on the
one or more exception handling patterns.

Other implementations of this aspect include correspond-
ing computer systems, apparatuses, and computer programs
recorded on one or more computer storage devices, each
configured to perform the actions of the methods. A system of
one or more computers can be configured to perform particu-
lar operations or actions by virtue of having software, firm-
ware, hardware, or a combination of software, firmware, or
hardware installed on the system that in operation causes or
causes the system to perform the actions. One or more com-
puter programs can be configured to perform particular
operations or actions by virtue of including instructions that,
when executed by data processing apparatus, cause the appa-
ratus to perform the actions.

The foregoing and other implementations can each option-
ally include one or more of the following features, alone or in
combination:

A first aspect, combinable with the general implementa-
tion, comprising classifying exceptions into a plurality of
types.

A second aspect, combinable with any of the previous
aspects, comprising providing a visualization of the excep-
tion flow.

A third aspect, combinable with any of the previous
aspects, wherein the exception handling patterns are syntac-
tically mapped to Business Process Model and Notation
(BPMN) and its execution semantics.

A fourth aspect, combinable with any of the previous
aspects, wherein the type of the exception comprises one or
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2

more of an activity failure, a message flow failure, a timeout,
resource unavailability, an external event, or a constraint vio-
lation.

A fifth aspect, combinable with any of the previous aspects,
wherein the one or more exception handling patterns com-
prise one or more of a retry pattern, a failover router, a com-
pensation sphere, an exception sphere, a dead letter channel,
or an invalid message channel.

A sixth aspect, combinable with any of the previous
aspects, wherein the exception flow is configured to realize
one or more of a quality of service (QoS), amessage exchange
pattern (MEP), or an enterprise integration pattern (EIP) inte-
gration logic.

The subject matter described in this specification can be
implemented in particular implementations so as to realize
one or more of the following advantages. The example tech-
niques specify common exceptional situations in integration
systems and exception types. The example techniques pro-
vide a modular, pattern-based approach for modeling excep-
tion flows in an integration system. A compliant representa-
tion in Business Process Model and Notation (BPMN) is
defined. The mapping of the integration exception types to
BPMN allows linking them to the integration flows and
defines general integration exception handling strategies and
patterns. The example techniques establish BPMN-based
exception flows that include exception handling and compen-
sation constructs and patterns to make the default exceptional
behavior visible. The example techniques provide a basis for
scenario-specific exception configuration. In general, the vis-
ibility of the exception handling mechanisms allow for better
insights into the integration flow modeling, ease of use, and a
more intuitive and faster modeling.

The details of one or more implementations of the subject
matter of this specification are set forth in the accompanying
drawings and the description below. Other features, aspects,
and advantages of the subject matter will become apparent
from the description, the drawings, and the claims.

DESCRIPTION OF DRAWINGS

FIG. 1 is a block diagram illustrating an example comput-
ing system for handling exceptions in an integration system
according to an implementation.

FIG. 2 is a block diagram showing example channel rep-
resentation in Business Process Model and Notation (BPMN)
according to an implementation.

FIG. 3 is a block diagram showing example exception
handling strategies according to an implementation.

FIG. 4 is a block diagram illustrating an example Failover
Router pattern according to an implementation.

FIG. 5 is a block diagram showing an example Compen-
sation Sphere pattern according to an implementation.

FIGS. 6A-6C are a block diagram showing an example
application of exception handling modeling in an integration
system according to an implementation.

FIGS. 7A-7C are a block diagram showing an example
application of exception handling modeling for an At Least
Once (ALO) processing.

FIG. 8 is a flow chart illustrating a method for modeling
exception flows in an integration system according to an
implementation.

FIG. 9 is a block diagram of an exemplary computer used
in the example computing system according to an implemen-
tation.
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Like reference numbers and designations in the various
drawings indicate like elements.

DETAILED DESCRIPTION

The following detailed description is presented to enable
any person skilled in the art to make, use, and/or practice the
disclosed subject matter, and is provided in the context of one
or more particular implementations. Various modifications to
the disclosed implementations will be readily apparent to
those skilled in the art, and the general principles defined
herein may be applied to other implementations and applica-
tions without departing from the scope of the disclosure.
Thus, the present disclosure is not intended to be limited to
the described and/or illustrated implementations, but is to be
accorded the widest scope consistent with the principles and
features disclosed herein.

Enterprise Integration Patterns (EIPs) are a collection of
widely used patterns for integrating enterprise applications
and business processes. These patterns represent a “de-facto”
standard for integrating enterprise applications. EIP can be
used as a general tool for integration modeling by providing
means of designing integration processes that are not bound
to a specific platform. A general-purpose model for integra-
tion systems can facilitate application and reuse of the inte-
gration systems for different implementations. In some
instances, EIPs can be mapped and adapted to Business Pro-
cess Model and Notation (BPMN) compatible syntax.

BPMN is a business process language that can be used to
define control and data syntax and semantics, for example, for
message processing in business integration processes. The
EIP control and data flows can be expressed in the BPMN as
a semantic model for message-based integration. An end-to-
end flow of messages in an integration system can be referred
to as an Integration Flow (IFlow). In general, an IFlow can be
regarded as message-based integration from a sending appli-
cation (e.g., a Sender, BPMN Participant) to one or many
receiving applications (e.g., Receiver(s), BPMN Participant)
via BPMN Message Flow configurations (denoting the
inbound and outbound adapters) and dedicated participant(s)
that specify an integration process (e.g., a composition of
EIPs).

In some instances, in addition to data flow and control flow,
it is desirable to have mechanisms of handling exceptional
situations for the business integration system. Exception can
include deviations from normal execution (i.e., those that
conform to one of the expected execution paths) arising dur-
ing the execution of an I[Flow. The exceptions that occur in
integration systems can, for instance, be caused by mal-
formed messages or by temporary periods of high traffic in
the system. Depending on the cause, exceptions can be
resolved automatically by retrying to send the message, espe-
cially for exceptions caused by temporarily unavailable serv-
ers. Existing systems typically leave the default exception
handling hidden in the various runtime implementations, and
lack classification of exception types. This disclosure
describes example techniques for handling exceptions in an
integration system. A wide range of issues that may lead to
exceptions during integration flow processing and the various
ways to address them are investigated. A systematic classifi-
cation of [Flow exceptions and compensation handling are
provided and subsequently are defined in the form of excep-
tion handling patterns and exception flow (e.g., the control
flow in exceptional situations).

The patterns-based approach to exception classification
provides a conceptual framework for classifying the excep-
tion and compensation handling capabilities of middleware
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systems, more generally, based on the Integration Flow mod-
eling approach, while being independent of the specific runt-
ime platforms. The example technique provides (1) a com-
prehensive classification of common exception types in
integration systems, (2) an extension of the BPMN-based
integration flow model to exception flows that make default
handling and compensation visible to the user for all identi-
fied categories and allows configuration or change of the
default behavior, for example, according to the user’s require-
ments, (3) derivation of common exception handling patterns
and their representation in BPMN, and (4) application to
various integration middleware systems.

FIG. 1 is a block diagram illustrating an example comput-
ing system 100 for handling exceptions in an integration
system according to an implementation. The illustrated com-
puting system 100 includes or is communicably coupled with
a first application system 105, an integration system runtime
110, a database or data store 118, a second application system
115, an integration flow registry 120, and a flow compiler 130.
The example computing system 100 or its components can be
implemented as a middleware system for application integra-
tion. In some instances, the components of FIG. 1 (e.g., the
first application system 105, the integration system runtime
110, the second application system 115, etc.) can be imple-
mented by one or more computers similar to that of the
computer of FIG. 9. The computing system may be config-
ured in another manner different from the example configu-
ration of FIG. 1.

The first application system 105 can be a sending applica-
tion that transmits a message to one or more receiving appli-
cations. The second application system 115 can be one of the
receiving applications that receives the message. The first and
second application systems can run on the same or different
systems, using the same or different database solutions, com-
puter languages, or data formats. For instance, example mes-
sage formats can include Extensible Markup Language
(XML), Simple Object Access Protocol (SOAP), Comma-
Separated Values (CSV), JAVASCRIPT Object Notation
(JSON), JAVA, C#, or any other format.

The integration system runtime 110 can, for example, be
implemented as an integration middleware system. An inte-
gration middleware system can include a collection of soft-
ware and hardware that provides technologies and services to
enable integration of systems and applications and to enable
interoperability between applications. The middleware sys-
tem can supply services so the applications can exchange data
in a standards-based way. In some implementations, the
middleware system can include one or more protocol adapters
or endpoints for receiving messages through different proto-
cols (e.g., HTTP, TCP/UDP) and in different formats (e.g.,
SOAP, CSV), and a configurable pipeline or channel (also
referred to as an integration process) that executes integration
operations on the arriving messages. The integration system
runtime 110 can include, for example, APACHE CAMEL,
SAP HANA CLOUD INTEGRATION, SAP PROCESS
INTEGRATION, or other systems.

In some implementations, the integration system runtime
110 can include multiple endpoints (or adaptors), compo-
nents and processors (not shown). The components can pro-
vide a uniform endpoint interface and can act as connectors to
all other systems. For example, the integration system runt-
ime 110 can include a Java Message Service (JMS) compo-
nent with a JMS application programming interface (API)
connected to a JMS provider, an HTTP component with a
servlet API connected with an HTTP client, a file component
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connected to a file system, or other components. The proces-
sors can be used to wire endpoints together and to perform
integration operations.

In the example shown in FIG. 1, the integration system
runtime 110 can include an inbound adapter 112, an integra-
tion process engine 114, and an outbound adapter 116. The
inbound adapter 112 can be an endpoint for receiving mes-
sages through one or more particular protocols (e.g., HTTP,
TCP/UDP) and handling messages in one or more formats
(e.g., Simple SOAP, CSV). The integration process engine
114 can include an algorithmic software engine capable of
performing, among other things, application integration (e.g.,
enterprise application integration) and any appropriate func-
tion consistent with this disclosure. The integration process
engine 114 can execute integration operations, for example,
by applying one or more EIPs as an integration pipeline or
channel on the arriving messages from the inbound adapter
112. Example integration operations can include, for
example, routing, transformation, mediation, interception,
enrichment, validation, tracking, logging, or other opera-
tions. After applying integration operations, the integration
process engine 114 can pass the processed messages to the
outbound adapter 116. The outbound adapter 116 can be an
endpoint to convert the processed message into a target for-
mat and language that is suitable for the receiving application
115.

The integration registry 120 can include multiple integra-
tion flows of one or more integration processes. An integra-
tion flow can include, for example, data flows and sequence
flows (e.g., exception flows) of an integration process. A flow
can include a sequence of operations (e.g., tasks, activities, or
patterns). The integration flow can be represented in any
suitable language or format. For instance, an integration flow
can be represented in BPMN.

In some implementations, in order for the integration sys-
tem runtime 110 to execute an integration process, one or
more integration flows of the integration process need to be
compiled by the flow compiler 130 to transform the integra-
tion flows in a source language into codes or instructions in a
target language executable by the integration system runtime
110. The flow compiler 130 can include multiple modules
132, 134, 136 and 138, for example, for parsing input inte-
gration flow, transformation, code generation, and code
deployment, respectively. The parser module 132 can per-
form lexical, syntactical, and semantic analysis to parse an
integration flow and transform the flow into a direct acyclic
graph. The transformation module 134 can transform the
graph into a runtime graph according to a set of rules of the
integration system runtime 110. Based on the runtime graph,
a code can be generated by the code generation module 136,
and the code can be deployed by the deployment module 138
for execution of the integration system runtime 110. The flow
compiler 130 can include additional or different modules and
perform fewer, more, or different operations for compiling
the integration flow.

In some implementations, the various transport protocols
or messages handled by the adapter 112 can be mapped to the
BPMN Message Flow; the integration process or channels
executed by the integration process engine 114 can be
mapped to BPMN process or subprocess; and the integration
operations (e.g., map, route, split, aggregate) can be mapped
to BPMN Activity entities. In some instances, common
exceptional situations of the message-based integration runt-
ime 110 can be detected and handled; requirements (REQ) for
treating these exception types can be derived and the require-
ments can subsequently mapped to BPMN as well.

10

15

20

25

30

35

40

45

50

55

60

65

6

Example main components of a BPMN process diagram
include Activities, Sequence Flows, Gateways, and Events.
Activities represent the tasks in a business process and can be
either atomic or split into several subtasks. In this disclosure,
“activity” and “task™ are used interchangeably and each activ-
ity is represented by a rounded rectangle (e.g., tasks 222, 224,
and 226) in the BPMN diagrams throughout FIGS. 2-7.
Sequence Flows represent the connection between these
Activities. The Sequence Flows are represented by solid
arrows throughout FIGS. 2-7. In addition to the default
Sequence Flow behavior, Events (e.g., represented by mark-
ers (e.g., marker 228) attached to the boundary of tasks) can
be specified that create a new Sequence Flow with either
parallel (non-interrupting Event) or sequential (interrupting
Event) actions. A Gateway (e.g., gateway 344 in FIGS. 3 and
440 in FIG. 4) can be used to provide conditional or parallel
Sequence Flows. In some implementations, in addition to the
Sequence Flow, Data Flows (also referred to as Message
Flows) can be defined. Data Flows can be used to model the
exchange of Data Objects between different Tasks. For
instance, in a buying process, a Task (or Activity) that fills out
the purchase requisition has to pass this document to the
responsible Task that is choosing potential vendors. By using
Data Objects and Data Flow, this scenario can be realized in
BPMN. In some instances, Data Flows or Message Flows can
be represented by dashed arrows throughout FIGS. 2-7. Data
Objects can include, for example, message, control informa-
tion, exception information, or other data. The messages 214,
216, 232, and 234 in FIG. 2 are example Data Objects in a
BPMN representation.

In some implementations, a BPMN diagram can include an
Extensible Markup Language (XML) file that corresponds to
the visual representation of the BPMN process. As an
example, the flow compiler 130 may receive an exception
flow in BPMN XML format and produce an internal repre-
sentation with Java objects that are executable by the integra-
tion system runtime 110 such as APACHE CAMEL. The
transformation module 134 can create a corresponding graph
representation from the BPMN representation for easier pat-
tern detection. The code generation module 136 can rewrite
the graph according to a predefined rule set into a represen-
tation that is more closely related to the APACHE CAMEL
route representation. Finally, the code deployment module
138 can traverse the rewritten graph and can convert the graph
to the resulting JAVA DSL string.

The modular compiling approach and the modular flow
compiler have the ability and flexibility to change, switch or
otherwise modify any of the modules as needed. For instance,
the last module 138 could be changed into a module that
translates the rewritten graph into the CAMEL SPRING DSL
representation. In some instances, if additional pattern map-
pings are defined, only the third module 136 needs to be
extended (e.g., by adding new translation rules). The com-
plier canbe applied, extended or adapted to source integration
flows that are represented in a different modeling approach
than BPMN. As long as a graph in the required structure is
created, the graph to JAVA DSL converter can be reused.

In some implementations, integration exceptions can be
classified, for example, based on features and handling strat-
egies of the exceptions. Common integration exceptions can
include recoverable errors (e.g., can be resolved using auto-
matic message resending; represented by an exception, etc.)
and/or irrecoverable errors (e.g., have to be handled manu-
ally, represented by a fault). The definitions of data and con-
trol flow, even during exception handling, can allow for mod-
eling configurable exception channels (REQ-0: exception
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channels with data and control flow configuration). Several
example exception types are described in the following.

Activity Failure: Activity failures can include failures dur-
ing the execution of activities (e.g., integration operations). In
some implementations, activity failures can be decomposed
into task and subprocess failures (REQ-1: handling excep-
tions on activity level: subprocess, task). Subprocesses are a
construct for composition of EIPs and thus allow re-usability
of IFlow sub-sequences. Task failures during the execution of
an [Flow are generally characterized by exceptional or illegal
states of a task. For instance, if the execution of the split
condition fails, the Splitter pattern is in an exceptional state,
and when the expression does not find a match in the current
message, the task gets into an illegal state. If the exceptional
situation were removed, the message could be resent from a
defined start point (REQ-2: retry activity), or the message can
be mediated to a subsequent activity if the error could not be
removed and the activity is optional (REQ-3: define alterna-
tive route on error). In terms of exceptional situations, the
concepts of the task and other exception types can be derived.

Message Flow Failure: The message endpoint and protocol
handling is commonly represented by adapters (e.g., adapters
112 and 116 in FIG. 1). Within the IFlow, the adapters can be
represented by Message Flow configurations. In some
instances, similar exceptional situations (e.g., timeouts,
reception/transport failures) can apply to adapters and activi-
ties (REQ-4: handle adapter failures). In some instances, it
may be difficult to distinguish between the message flow
failure and activity failure. For instance, in the case of a
structural mismatch between an incoming message and the
mapping defined in a message translator, either the message
or the mapping is incorrect. The message flow has to cope
with fault messages received by peers, constraint violations
(e.g., message size exceeds limit), and resource unavailability
(e.g., peer unavailable). In most cases, the adapters can define
the Message Exchange Pattern (MEP), e.g., a file adapter
processes messages InOnly and the HTTP-protocol adapter
requires InOut for synchronous messaging (REQ-5: handle
constraints on message reception and sending and support
MEPs). In the case of violations or errors within the adapter
processing, Quality of Service (QoS) handling like At Least
Once or Exactly Once has to be ensured, which may require
the resending of the message from the Adapter (REQ-6: Mes-
sages shall be retried on adapter, instead of activity level).

Timeouts: Message Flow and Task processing can specify
timeouts. These configurable “deadlines™ can specify when
the action needs to be completed. When setting timeouts
during design time, the behavior of incomplete, timed-out
actions can be configured (REQ-7: configure and handle tim-
eouts).

Resource Unavailability and Handling: This is the case
when a message flow or task requires access to one or more
network or data resources (e.g., data objects, data store, exter-
nal service) during its execution. If the data is not available,
the task cannot proceed, resulting in an exception (REQ-8:
deal with resource unavailability). For instance, for secure
communication, the message flow might require certificates
that have to be distributed to the correct key store at distribu-
tion time. Missing certificates will cause exceptional situa-
tions during runtime. Similar situations can occur for persis-
tent patterns (e.g., claim check, aggregator) and patterns that
rely on the availability of external services (e.g., external
service, content enricher) when the resources are not avail-
able during runtime.

Tasks can have a persisted state in an in- or out-of-process
data store (e.g., the database 118 in FIG. 1). In the case of
errors during the task or subsequent task processing, compen-
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sation strategies can be configured for actions such as trans-
action rollback, purge message, etc. (REQ-9: similar to REQ-
2; provide compensation for transactional retry processing or
stateful patterns and QoS).

External Event: Events from sources external to the activ-
ity or channel are often used, for example, for ad-hoc re-
configuration. Consequently, the activity or channel has to
change its behavior or has to roll-back some of its previous
actions (REQ-10: handle external configurations or excep-
tions). An example of external events that impact activities is
the control bus pattern. In integration systems, the control bus
is used to re-configure components in the IFlow or to inject
test messages into particular components. Alternatively, the
control bus can be used for purposes like uptime monitoring,
exception handling, and statistics collection. External events
share similarities to resource unavailability.

Constraint Violation: Constraints in the context of an IFlow
can include invariants over elements in the control and data
flow that have to be maintained to ensure the integrity and
operational consistency of the IFlow (REQ-11: similar to
REQ-5; configure constraint violations and react fault-toler-
ant). For example, size constraints can be applied to data and
resources (e.g., a message) to prevent runtime or memory
exceptions.

In some implementations, based on the different exception
types, corresponding handling strategies can be defined and
configured for respective exception types. Example excep-
tion handling techniques are described as follows.

Exception Handling on Activity Level

The BPMN activities (e.g., task, subprocess) can represent
the basic integration operations within an integration flow,
allowing for exception handling on BPMN task-level, i.e., the
smallest unit of work in BPMN. BPMN subprocesses can
include, among other things, different tasks. The BPMN
sequence flow can denote the control flow during process
execution. The corresponding data flow, representing the
message exchange, can be modeled using BPMN messages
and data objects. Handling exceptions includes both control
and data flow during processing (cf. REQ-0).

In some implementations, handling exceptions on the task
level is possible by using BPMN intermediate error events
that are attached to the boundary of the task (cf. REQ-1). This
error marker can act as a try-catch clause for named errors.
The process continues from the BPMN sequence flow con-
nected to the error marker. If a task performs critical opera-
tions, such as persisting data or locking resources, these
actions need to be reverted when the whole process cannot
finish normally. To achieve this, a BPMN compensation
activity can be specified by attaching a compensation event
marker to the boundary of a task. The same concepts can be
applied to subprocesses. If an error event is thrown during the
processing of a task in a subprocess and is not caught by an
error event marker of that task, the error event marker of the
parent subprocess can catch the error (e.g., by catch-all
semantic). The other stated exception types can be modeled in
BPMN by using different boundary event markers. For
instance, timeouts (cf. REQ-7) correspond to the BPMN
timer event, external events (cf. REQ-10) can be modeled as
BPMN message events, and constraint violations (cf. REQ-5)
can match the BPMN rule event (cf. FIG. 3).

Exception Handling on Message Flow Level

In some implementations, the BPMN message flow level
can correspond to the adapters of an integration system. An
adapter can perform various checks to verity the validity of a
message and can reject messages if they exceed certain con-
straints (cf. REQ-5). In BPMN, there is no exception syntax
that is applicable on the message flow level. The message is
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assumed to always arrive correctly. Due to this, it is not
possible to project the properties of an adapter to the message
flow in BPMN. In some instances, the properties can be
projected by modeling the adapter explicitly as a separate
process in a separate pool (cf. REQ-4). By doing so, it is
possible to model the activities performed by the adapter
explicitly (cf. REQ-11), which results in the mapping to
BPMN process/subprocess elements.

Exception Handling on Message Channel Level

A message channel represents a certain sequence of pro-
cessing activities and routing performed for predetermined
endpoints. In integration systems, it is often desirable to be
able to define an exception handling that triggers for excep-
tions that are not handled within the particular processors.
Several example approached can be used to achieve this with
BPMN (cf. REQ-0).

For example, the message channel can be represented by a
BPMN pool/participant. In this case, errors that are not
caught by boundary error event markers of the containing
activities can be caught with a global event subprocess that is
triggered on any kind of error events. However, with this
approach, it is not easily possible to continue on a channel
after an error has occurred. To be able to do this, all activities
within the pool need to have the boundary error event
attached. This can pose a redundancy in the modeling process
and add unnecessary complexity to the diagram.

Another solution to the information propagation issue is to
define nested channels as subprocesses of the parent channel.
This allows for the use of the existing error and compensation
event markers. However, as nested channels can be used
standalone as well, each channel needs to be modeled as a
subprocess and a pool.

In another approach, the channel can be modeled using a
subprocess in a pool as a syntactic frame. FIG. 2 is a block
diagram 200 showing example channel representation in
BPMN according to an implementation. As shown in FIG. 2,
the channel 210 is modeled as a syntactic frame. Channel-
specific error or compensation handlers can be defined using
event subprocesses with the respective start events. For
instance, an exception handler 220 and a compensation han-
dler 230 can be defined. The advantages of this modeling
strategy include the reuse of the defined handler processes
and the possibility to reference the channel in other channels
by using a collapsed subprocess linked to the modeled chan-
nel.

Characterizing Exception Handling Strategies

BPMN follows certain basic strategies when handling
exceptions. The basic module includes catching events. Typi-
cally, these are attached to the boundary of an activity to
interrupt it and/or route the default sequence flow to an alter-
native flow. The attached events can include errors, timers,
messages, and rules, the least three satisfying the worked-out
requirements (REQ-7, REQ-10, REQ-11). Generic error
events can be used to handle other exceptional situations such
as resource unavailability (cf. REQ-8).

Aside from these markers, there can be compensation
markers, which do not interrupt the activity but specify recov-
ering actions in case the event is triggered. In some instances,
these actions may only be executed in the case that the com-
pensation event is triggered by explicit events or by BPMN-
specific cases, such as the cancellation of transaction subpro-
cesses. The compensation activities typically revert stateful
changes made by the process in the case of unexpected ter-
mination (cf. REQ-9). For example, using an error event
marker can interrupt the default sequence flow of an activity
to perform remedying actions. A simple strategy is to connect
the boundary event to an alternative sequence flow in the
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process (cf. REQ-3). A possible integration scenario for this is
to specity alternative actions in case a resource is not avail-
able (cf. REQ-8).

Another similar strategy is a retry strategy. Here, the alter-
native route originating from the boundary event marker can
connect to a gateway preceding the failed activity (cf. REQ-
2), so that the process can go back to preceding activity for
retrial. These exception handling patterns are comparable to
the workflow exception handling patterns that classify excep-
tion handling patterns of workflow engines on three main
characteristics. The first characteristic is whether the activity
in which the exception occurred was marked as failed (SFF
(force fail)), forced to be in a completed state by continuing
the workflow case with the succeeding activity (SFC (force
complete)) or restarted (SRS (restart)). The second character-
istic distinguishes on the basis of the entire work-case. Here,
the work-case can either be continued (CWC (continue work-
flow case)), meaning that other activities are not affected by
the exception, or terminated (RCC (remove current case)).
The last characteristic of distinction regards whether com-
pensation is triggered (COM (compensate the effects in the
exception flow)) or no compensation is executed (NIL (do
nothing)).

FIG. 3 is a block diagram 300 showing example exception
handling strategies according to an implementation. FIG. 3
shows four different combinations of the first two character-
istics for the different work item categories in BPMN. The
last property, whether to process compensating activities, is
omitted for brevity as they would only add compensating
activities to the sequence flow originating from the boundary
events. As shown in FIG. 3, when a work item failure 312
occurs at task 310, the current task 310 stops, and the other
work flow case can continue. In another example, when a
work item failure 332 occurs at task 330, the current case can
be removed and all tasks can be terminated at 334. In some
other implementations, for example, when a work item failure
322 occurs at task 320, the work item may reenter the work-
flow at 324; or when a work item failure 342 occurs at task
340, the work item may go back to a preceding activity at 344
to retry the task 340.

For integration systems, these exception handling patterns
may need additional properties to be applicable. The proper-
ties can include, but are not limited to, the specification of a
retry limit, and whether a channel should continue its pro-
cessing with the modified message in its state upon failure or
with the message in its state at arrival at the adapter. A more
detailed description will be given in the following with
respect to example exception handling patterns in integration
systems.

The retry pattern can be applied on activity level and on
channel level in integration systems. When an exception
occurs on the respective level, the system can attempt to
process the message again. In some implementations, this
reprocessing does not go on indefinitely but rather until the
allowed number of retries is exhausted. The usage of this
pattern is especially useful when handling resource unavail-
ability in a network environment. A resource that is tempo-
rarily not available (e.g., due to high load) may be available on
a subsequent attempt after waiting a certain amount of time.
In some implementations, these processes might need com-
pensation. For instance, a process that persists data and fails
on subsequent actions can revert the changes, otherwise the
system will not be in a consistent state. In BPMN, this can be
modeled by using compensation markers to specify amend-
ing actions for each activity. The compensation can then be
triggered by throwing a compensation event. Although with
this approach it is necessary to model the data flow for all
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possible scenarios (e.g., exceptional and non-exceptional
flows), this can lead to additional modeling effort and com-
plex diagrams.

In some implementations, after all retry attempts are
exhausted, three major strategies can be applied. First, con-
tinue the process on the subsequent step; second, end the
process and propagate the exception back to the caller; and
last, immediately terminate the process. The first strategy can
be used in cases in which the failing process did not perform
process-critical operations. In this case, the whole integration
process can be continued as if there was no exception in
preceding processes. However, the information about the
exception is generally passed on. In some implementations,
the first strategy can further be distinguished by differentiat-
ing between the usage of the original message or the pro-
cessed message up until the point of failure. The second
strategy can be used when the failing process did perform
process-critical operations, meaning that subsequent mes-
sage processing is not possible. Nevertheless, the end of the
process is still considered graceful. The last strategy is similar
to the second one, but it leads to termination of the entire
integration process. In this case, the ending is considered
abnormal and all processing will be terminated.

Towards a more general definition of exception handling, a
syntactical approach can be used to follow from the BPMN-
example and map all identified exception and compensation
cases to the BPMN syntax. Each activity-based pattern can be
annotated with BPMN Interrupting Event markers that allow
fault handling in a separate flow. In addition, existing patterns
such as Invalid Message Channel and Dead Letter Channel
can be enhanced to be able to react on exceptional situations.
In some implementations, these means can be used to auto-
matically detect and analyze exceptional situations. In some
implementations, the correction of defects can be done manu-
ally to bring the system in a consistent state. For instance,
given a business exception that leads to an exception in the
technical processing, the correction and restart might require
manual tasks on the business/application level supported by
the fault messages, (e.g., in Dead Letter Queues).

In some implementations, additional patterns can be intro-
duced and fitted syntactically and semantically to solve the
issue of lack of “global knowledge” for EIP-based integration
that follows from the local (i.e., pattern-level) processing. For
example, during processing, the connections to subsequent
patterns are unknown in the current pattern. For fault-tolerant
integration solutions, the knowledge about all patterns
executed during messages processing is important for com-
pensation (e.g., rollback changes made before the exception).
Example fault-tolerant patterns including, for example,
Failover Router, Compensation Sphere, Exception Sphere,
Dead Letter Channel and Invalid Message Channel are
described below.

The Failover Router can be used to react on non-callable
EIPs within a sequence of EIPs by calling alternative chan-
nels in case of exceptions. In contrast to Detour pattern, the
Failover Router checks whether a subsequent EIP can be
called and takes counter-measures without requiring external
configuration messages as in the Detour. The alternative
channels can be modeled explicitly, and between the follow-
ing pattern and the router an exception flow allows reacting on
exceptions in the subsequent pattern. Fault messages can be
sent to an alternative channel. Using the Join Router (i.e.,
combining two message channels into one), the different E1Ps
can be structurally combined again.

FIG. 4 is a block diagram illustrating an example Failover
Router pattern 400 according to an implementation. As illus-
trated, a sequence flow begins with a sending application 410
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and destined to a receiving application 450. The Failover
Router 420 is shown as an Activity with one default Sequence
Flow 425 to the subsequent pattern 430 and one conditional
sequence flow 435 to an alternative EIP 424. The routing can
be determined based on the combination of an (alternative)
routing function 422 and a correlation mechanism 412 from
incoming messages 414 to used channels that are both pro-
vided by Data Objects. All messages (e.g., messages 414,
426, 428, and 436) can be represented as data objects. The
exceptional processing from the original EIP 430 back to the
router 420 via an exception flow 445 can be initiated using a
Message Intermediate Event (throw) (interrupting error) 432.
In some implementations, to combine the alternative chan-
nels and guarantee a 1:1 channel cardinality, the different
channels can be structurally combined by a Join Router pat-
tern 440 represented as a gateway in BPMN.

The Compensation Sphere can provide a global mecha-
nism for exception handling beyond the capabilities of single
or combined patterns. For the Compensation Sphere pattern,
the integration runtime can handle correcting actions (i.e.,
compensations). For that, compensation activities can be reg-
istered (catch) explicitly or a general “catch-all” handler can
be defined. To make this concept more modular, compensa-
tion spheres can overlap and be stacked hierarchically. Sev-
eral handlers can be assigned. The activities in a compensa-
tion sphere can be logically linked through compensation
characteristics. The compensation can either be defined for
each activity inthe sphere (case 1) or for the sphere as a whole
(case 2).

When an activity belonging to a compensation sphere fails,
the compensation can be executed. In case 1, the compensat-
ing activities can be executed in reverse order originating
from the point of failure. In case 2, the compensating activi-
ties belonging to the whole sphere can be triggered. In
BPMN, this concept can be realized by using the group ele-
ment as “annotation.” Activities belonging to the compensa-
tion sphere can be included in the group. The advantage of
this approach is the ability to nest the compensation sphere
and even intertwine them. However, the group element has no
influence on the execution semantics, and it is not possible to
attach a compensation event marker to the group boundary.
Alternatively or additionally, compensation spheres can be
realized by using the subprocess element. This element can
have event markers attached and therefore can reflect the
properties of the compensation sphere more adequately.
Although the latter approach cannot intertwine compensation
spheres as tasks and subprocess can only belong to one parent
subprocess, in some instances, the latter approach can be
preferred, as the semantics for compensations are clearly
defined.

FIG. 5 is a block diagram showing an example Compen-
sation Sphere pattern 500 according to an implementation.
The subprocess “Compensation Sphere (Subprocess)” 515
contains activities 530 and 540 that share compensation
activities. For instance, this can be the case when both activi-
ties 530 and 540 perform changes to a database. The infor-
mation about the changes (e.g., 535, 545) can be forwarded to
the compensation activity (e.g., 590) and read when the activ-
ity is triggered. The compensation 590 can be initiated exter-
nally or internally. If any error event is thrown while process-
ing the subprocess, the boundary error event marker 570 can
catch it and start the corresponding compensation activities at
575. In some implementations, it may not be possible for the
same activity to be contained in two subprocesses syntacti-
cally, which means that intertwining compensation spheres
cannot be realized. However, it is possible to define compen-
sation activities for particular activities in subprocesses, thus
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mimicking this behavior semantically. In some implementa-
tions, the described concept for Compensation Spheres can be
applied for Exception Spheres in a similar manner.

The Dead Letter Channel is a pattern, which handles mes-
sages that cannot be processed by an integration system.
Before moving a message to the Dead Letter Channel, the
integration system can execute predefined remediation
actions. For example, detouring the message to different pro-
cessing steps or retrying the message a certain amount of
times to make sure that a resource is not just temporarily
unavailable. These erroneous messages cannot simply be
deleted, as information would be lost. Thus, the messages can
be moved to a dedicated Dead Letter Channel. In some imple-
mentations, all messages in this channel can be examined by
an administrator to find the cause of'the failure, to remedy the
issue and to invoke a manual restart. An example of this can be
seen in FIGS. 7A-7C. For example, in the integration process
pool, a BPMN gateway 737 can manage the retry attempts in
the case of processing failure. If the retries are exhausted, the
message can be moved from the queue to the Dead Letter
Channel. An administrator can review and handle the mes-
sages as depicted in the user task 720.

The Invalid Message Channel is similar to the Dead Letter
Channel. However, the messages get passed through the inte-
gration system and arrive at their destination (e.g., the
receiver). The receiver cannot process the message, for
example, due to lexical errors in the message body. Instead of
putting the erroneous message back on the channel and cre-
ating unnecessary load, the message is passed to an Invalid
Message Channel that contains all failed messages. Similarto
the messages in the Dead Letter Channel, these messages may
need manual investigation as well.

FIGS. 6 A-6C are a block diagram 600 showing an example
application of exception handling modeling in an integration
system according to an implementation. Specifically, FIGS.
6A-6C show an asynchronous integration scenario of a cor-
poration 610 with its bank 620 and business monitoring via
SAP Cloud for Cash (C4C) 640, syntactically expressed in
BPMN. The corporation 610 can include a sending applica-
tion to transmit a message to the receiving application C4C
640 through an application integration system 630. For
instance, the corporation 610 can send a message 612 (e.g., in
Financial Services Network (FSN) type) to the application
integration system 630. The application integration system
630 can include adapters (e.g., adapters 614 and 656) and a
series of integration tasks/operations/patterns (e.g., Tasks
615, 625, 635, 645, 655, etc.). The incoming message 612 can
be received by the adapter 614 and translated to a canonical
data model (CDM) incarnation “FSN:CDM” 618 for further
processing, for example, using a Message Translator Task
615. Through an adapted Claim Check Task 625, the message
618 can be stored for later use. In some instances, the message
618 can be handed over to an External Service Task (e.g.,
Send to Bank Task 635) to send the message 646 in the
canonical data model to the bank 620 (no further translation
required) to provide a consistent database for monitoring
purposes. If the message was received, the bank 620 returns
an HTTP OK 648 to confirm the correct processing of the
message. In some implementations, the stored message can
be read from the Data Store 631 with the help of the corre-
sponding Claim Check ID 624, enriched by a Content
Enricher Task 645, translated to a standardized ISO format
“FSN-ISO” by a translator 655 and sent to the receiving C4C
application 640, which tracks the message exchange from a
business perspective.

The above order of operations belongs to an expected nor-
mal execution path. In some instances, exceptions can occur
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in one of the Tasks (e.g., Tasks 615, 625, 635, 645 and 655 in
the integration flow). If an exception occurs, the user or
viewer cannot determine the behavior of the system. In some
instances, a precise definition of exception handling for this
scenario is critical, as data is stored to a persistent storage. In
order to leave the system in a consistent state, the system has
to determine whether data was already persisted or not upon
failure. If this was the case, the persisted data has to be
deleted.

With the example BPMN-based exception handling tech-
niques described herein, FIGS. 6A-6C show example excep-
tion flows that are represented by solid arrows originating
from exception events or markers (e.g., events 632, 638, 652,
654, and 656) and/or compensation events or markers (e.g.,
compensation event 636 attached to the ClaimCheck Write to
Store Task 625) are attached to the boundary of'the Tasks. The
integration operations/patterns (e.g., Tasks 615, 625, 635, 645
and 655) can be marked with an intermediate error event (e.g.,
according to the Activity Failure Pattern) for activity level
handling. The default behavior can lead to an Exception
Channel pattern (not Invalid Message or Dead Letter Chan-
nel), which can be part of a surrounding Message Retry
pattern, that enables retries from the message endpoint (i.e.,
message flow). For example, the activity “Send to Bank™ 635
in shows an Interrupting Event Subprocess (i.e., Error) 654
attached to the Service task (represented by a rounded rect-
angle with a gear) that represents the External Service pattern.
The model (semantics) in this example defines the instantia-
tion of a new channel with its own control and data flow
allowing a scenario-based, context-aware fault message defi-
nition and processing on activity level.

In general, exception flows can include exception handling
patterns or other operations that can be performed upon an
exception. The user or viewer can comprehend the exception
flow of the integration scenario without having to consider
system-specific implementations or to investigate the source
code for the integration process definition, and can under-
stand how the default handling can be adapted to custom
requirements. The exception flows show example syntax rep-
resentations that are mapped to BPMN.

Inthe example shown in FIGS. 6 A-6B, the exception flows
can be divided into two main groups, connecting to two
different Gateways 634 and 658. In some implementations,
such a division can be based on whether compensation is
necessary if any of the Tasks, succeeding the persisting Task,
throw an error event. For example, the Gateway 658 can lead
to a throw Compensation Event 664. This can trigger, for
example, previously described compensation activities;
therefore, the stateful changes can be reverted. The Gateway
634 may not throw a compensation event on its exception flow
because no data was persisted. However, all exceptional flows
can lead finally to the Alert Task 670, which can trigger the
necessary failure notifications. Then, the process ends with
the Retry-X End Event 674, indicating that the entire process
can be retried, not only parts of the process.

In addition, the exceptional data flow can be included. In
FIGS. 6A-6B, example exceptional data flow is depicted as
dashed arrows originating from the error events and/or com-
pensation events. The exceptional data flow can include
exception data objects 644 and 662 (e.g., including exception
information and message ID) that specify the error messages.
For example, the exception data objects 644 and 662 can
include the cause of the exception, an arbitrary message and
state data from the scope of the respective task, or other
information of the exceptions. The information about the
exception can be passed to the Alert Task 670, which can
therefore react to different exception types accordingly. For
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example, the Alert Task 670 can notify an administrator about
the message retry on exception and/or represent configurable
exception channel operations.

In some implementations, after the exception channel pro-
cessing, the message can be re-sent from the incoming mes-
sage flow (implicitly modeled). The Claim Check pattern 625
can be used to preserve the original message for processing.
After the “Send to Bank” External Call pattern 635 sends the
message to the bank 620, an exception may occur on the
subsequent retry, if the original message is still in the data
store 631. To guarantee transactional rollback in the case of
failure, a compensation pattern can be used by attaching a
compensation handler Undo Write To Store 642 and a com-
pensation intermediate event 636 to the exception channel,
which removes the message from the data store 631, before
retry.

In messaging, Quality of Service (QoS) is a characteristic
of network reliability. It describes which guarantees can be
given for a particular message transfer. Different applications
can have different QoS requirements. For instance, when
sending an order to an online shop, the order should have a
QoS level of either at most once or exactly once. If the
message arrives more than once, a duplicate order would be
registered, which is bad for the customer. If exactly once is
used, the customer can be sure his order is received and not
duplicated.

In some implementations, Quality of Service (QoS) sup-
port can be crucial for integration systems. When sending a
message synchronously to a receiver, the QoS “Best-Effort”
can be applied (i.e., delivery will be attempted, otherwise the
sender will receive an exception message). In the case of
asynchronous messaging, this may not be sufficient. The mes-
sage has to be persistently stored to guarantee the delivery,
e.g., in a message queue, since the sender cannot be notified.

FIGS.7A-7B are a block diagram 700 showing an example
application of exception handling modeling for an At Least
Once (ALO) processing. A sender 710 transmits a message to
a receiver 730 with ALO QoS requirement. In order to guar-
antee ALO processing, incoming messages 712 have to be
persisted. This can be done by using a synchronous endpoint
740 that tries to persist the message 712 and returns the status
714 to the sender 710. In the example shown in FIGS. 7A-7C,
the integration process starts with a synchronous part 740
where the message system persists the message 712 to allow
for the further reliable processing. After persisting, the sys-
tem returns the status 714 about success or failure to the
sender 710. After this interaction, the synchronous part 740 is
finished.

The “Integration Process” 750 itself can be run in multiple
instances. For example, it can start periodically by polling the
message queue 732 to detect new messages 712. The trans-
actional subprocess 760 can perform critical operations of
retrieving the messages from the queue (e.g., by Task 762)
and sending it to the receiver 730 (e.g., by Task 764). Addi-
tional or different activities or tasks that alter the message can
take place in the subprocess 760 as well. [f any of the activities
time out (e.g., timeout event 752 or 756) or throw an excep-
tion (e.g., error event 754 or 758), the whole transaction can
be canceled. A canceled transaction 770 can automatically
trigger all compensation activities of the subprocess in
reverse order, originating from the point of failure. However,
in this example, none of the actions are stateful, and therefore
no compensation activities are defined. In some other imple-
mentations, compensation activities can be included. After
the cancellation is completed, the process 750 returns to the
start at 735 and checks if the number of retries is exhausted. If
that is the case, the message will be removed from the queue
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(e.g., by Task 732) and moved to the Dead Letter Channel. In
some implementations, manual intervention or operations
can be incorporated into the integration process. For example,
an administrator can investigate these messages manually
when the message is moved to the Dead Letter Channel. If the
message would succeed, this would finish the transactional
subprocess at 746 and task appropriate actions (e.g., trigger
the deletion of the processed message from the queue). After
that, the integration process 750 is finished. The depicted
process ensures AL O processing, as messages will be retried
whenever a process in the transaction fails. For example, if the
acknowledging response 734 from the receiver 730 does not
arrive, the “Send Message” task 764 times out and the system
can send the message again.

FIG. 8 is a flow chart 800 illustrating a method 800 for
modeling exception flows in an integration system according
to an implementation. The example method 800 can be per-
formed, for example, by the example integration system as
described with respect to FIG. 1 or another system. For
example, the method 800 may be implemented by integration
systems, such as SAP HANA CLOUD INTEGRATION,
SAP PROCESS INTEGRATION, or the open-source system
APACHE CAMEL. For clarity of presentation, the descrip-
tion that follows generally describes method 800 in the con-
text of FIGS. 1-7. However, it will be understood that method
800 may be performed, for example, by any other suitable
system, environment, software, and hardware, or a combina-
tion of systems, environments, software, and hardware as
appropriate. In some implementations, various steps of
method 800 can be run in parallel, in combination, in loops,
and/or in any order.

At 810, one or more exception types can be classified or
otherwise defined. Example exception types can include an
activity failure, a message flow failure, a timeout, resource
unavailability, an external event, and a constraint violation.
Additional or different exception types can be defined. From
810, method 800 proceeds to 820.

At 820, an exception corresponding to an integration
operation of an integration process can be identified. For
example, the exception can be identified by operation of an
application integration system (e.g., the example integration
system 100 of FIG. 1). The exception can be identified, for
example, when one or more errors and/or triggering events of
an exception or compensation occur. From 820, method 800
proceeds to 830.

At 830, a type of the exception can be determined, for
example, by operation of the application integration system.
The type of the exception can be one or more of the types
described at 810 or it can be other types. The application
integration system can determine which exception type into
which the identified exception falls. In some implementa-
tions, the identified exception may fall into more than one
exception types defined at 810. From 830, method 800 pro-
ceeds to 840.

At 840, one or more exception handling patterns can be
determined for the identified type of the exception, for
example, by operation of the application integration system.
In some implementations, the exceptions can be handled
according to different levels (e.g., activity level, message flow
level, message channel level, or other levels). The exception
handling can include compensation. In some implementa-
tions, different exception handling patterns can be defined
and serve as modular exception handling elements for reuse,
composition, switch, and modification. Example exception
handling patterns can include a retry pattern, a failover router,
a compensation sphere, an exception sphere, a dead letter
channel, or an invalid message channel. The exception han-
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dling patterns can be chosen based on the identified type of
the exception. In some instances, more than one exception
handling pattern can be applied to the identified exception. In
some implementations, multiple exception handling patterns
can be chained, swapped, combined, or otherwise managed to
configure additional exception handling patterns. In some
implementations, if an exception can be classified into mul-
tiple types, corresponding exception handling patterns of the
multiple types can be applied to the exception. In some imple-
mentations, the exception handling patterns can be syntacti-
cally mapped to Business Process Model and Notation
(BPMN) and its execution semantics, for example, by repre-
senting the exception handling patterns in BPMN format.
Example exception handling patterns are described with
respect to FIG. 2-5. Additional or different exception han-
dling patterns can be defined. From 840, method 800 pro-
ceeds to 850.

At 850, an exception flow of the integration process can be
configured based on the one or more exception handling
patterns, for example, by operation of the application integra-
tion system. The exception flow can include one or more
exception handling patterns, for example, chained according
to a particular order. In some implementations, beyond
default exception handling approaches, the exception flow
can be customized, tailored, designed, or otherwise config-
ured based on, for example, a particular business integration
application, customer requirement, etc. For instance, the
exception flow can be configured to realize one or more of a
quality of service (QoS), a message exchange pattern (MEP),
an enterprise integration pattern (EIP), or other integration
logics. As an example, the exception flow can be configured to
realize different QoS implementations. FIGS. 7A-7C shows
an example BPMN-based exception flow that provides At
Least One QoS processing. From 850, method 800 proceeds
to 860.

At 860, a visualization of the exception flow can be pro-
vided, for example, by operation of the application integra-
tion system. For instance, the exception flow can be repre-
sented as a BPMN sequence flow in a BPMN program (e.g.,
as in FIGS. 6 and 7) and displayed, for example, via a user
interface of a display. In some implementations, the excep-
tional flow can be written in an XML file that corresponds to
the visual representation of the BPMN process and can be
read and compiled before executing the exception flow for
handling exceptions in an integration system. After 860,
method 800 stops.

In some instances, the BPMN-based integration flows (in-
cluding the exception flows) enhance the usability and func-
tionality of an integration system. The pattern-based excep-
tion handling approach helps to deal with the complex syntax
and allows for more modular modeling and the change of
processes.

In some implementations, tool-support can be used to
reduce the complexity. With tool support, a graphical user
interface can be implemented that allows presenting the
potentially complex information in a more consumable way
(e.g., using information layers). One important feature of
modeling tool support are the “layered,” read-only visualiza-
tion of exception handling and compensation (potentially
with special “color code”) with the original integration flow
model (REQ-TOOL-1: Syntax layer for exception handling).
As such, the exception syntax can be available as an informa-
tion layer that can be added and removed. Similarly, the
compensation mechanisms can be a separate layer (REQ-
TOOL-2: Syntax layer for compensation). The resolution of
exception and compensation spheres can become a “first-
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level” syntax construct, when represented as process/subpro-
cess (REQ-TOOL-3: Seamless embedding of layers in the
integration flow syntax).

Edition of the default exception handling, thus adapting
them to the specific scenario’s semantics, can be done in a
separate view, which reduces the complexity of the model to
a view on the model but may remove information through
“out-of-context” placement. On the other hand, the “in-con-
text” editing shows the overall embedding into the integration
flow, while making it hard to distinguish between integration
and exception flow. The BPMN lane representation could
help to separate visualization to a certain extent (REQ-
TOOL-4: Analyze “in-process,” “out-of-process,” and “side-
by-side” visualization).

The pattern-based approach could also allow for a lan-
guage editor that is completely functioning on a pattern level,
thus making the EIPs and the exception handling patterns
“first-class” entities (REQ-TOOL-5: Analyze pattern-based
modeling). That means that the user could not build an inte-
gration flow such as the ALO scenario piece-by-piece but
could select from a list of quality of service patterns that fit
into the existing integration flow by the tool.

In some implementations, the propagation of compensa-
tion and/or exception events to external systems can be
depicted as pools. The BPMN syntax only supports message
flows for inter-pool communication. As such, information
regarding exceptions/compensations has to be sent with a
regular message. The receiving pool therefore would need to
distinguish message contents on a case by case basis. But
external system modeling can be omitted when describing
integration processes.

In some implementations, the explicit modeling of retry
mechanisms can lead to complex diagrams. Integration sys-
tems typically support error handlers which retry a message at
the point of failure. For instance, when a processor fails to
process a message, the system will roll back changes made to
the message in the failing processor and restart the processor.
This behavior can be modeled in BPMN, for example, by
attaching error events to each activity and routing the
sequence flow to a gateway preceding said activity. In some
instances, such a modeling may create complex diagrams
with a large amount of elements. In integration systems, this
behavior can be achieved by declaring it in an error handler
configuration statement.

FIG. 9 is a block diagram 900 of an exemplary computer
902 used in the example computing system 100 according to
an implementation. The computer 902 can include and/or
make up one or more components of the computing system
100 illustrated in FIG. 1 (e.g., the first application system 105,
the integration system runtime 110, the second application
system 115, etc.) for handling exceptions in an integration
system.

The illustrated computer 902 is intended to encompass any
computing device such as a server, desktop computer, laptop/
notebook computer, wireless data port, smart phone, personal
data assistant (PDA), tablet computing device, one or more
processors within these devices, or any other suitable pro-
cessing device, including both physical and/or virtual
instances of the computing device. Additionally, the com-
puter 902 may comprise a computer that includes an input
device, such as a keypad, keyboard, touch screen, or other
device that can accept user information, and an output device
that conveys information associated with the operation of the
computer 902, including digital data, visual and/or audio
information, or a GUI.

The computer 902 can serve as a client (e.g., an application
system 105 or 115) and/or a server (e.g., an integration system
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110), for example, for executing integration operations in a
centralized, distributed, cloud-based, or another type of com-
puting environment. The computer 902 can also serve as a
computer for a database or other persistency (e.g., the data
store 118, the integration flow registry 120), a compiler (e.g.,
the flow compiler 130), and/or any other component of the
computing system 100. The illustrated computer 902 is com-
municably coupled with a network 930. In some implemen-
tations, one or more components of the computer 902 may be
configured to operate within a cloud-computing-based envi-
ronment.

At a high level, the computer 902 is an electronic comput-
ing device operable to receive, transmit, process, store, or
manage data and information associated with the computing
system 100. According to some implementations, the com-
puter 902 may also include or be communicably coupled with
an application server, e-mail server, web server, caching
server, streaming data server, business intelligence (BI)
server, and/or other server.

The computer 902 can receive requests over network 930
from a client application (e.g., a business application execut-
ing on another computer 902) and responding to the received
requests by processing the said requests in an appropriate
software application. In addition, requests may also be sent to
the computer 902 from internal users (e.g., from a command
console or by other appropriate access method), external or
third-parties, other automated applications, as well as any
other appropriate entities, individuals, systems, or computers.

Each of the components of the computer 902 can commu-
nicate using a system bus 903. In some implementations, any
and/or all the components of the computer 902, both hard-
ware and/or software, may interface with each other and/or
the interface 904 over the system bus 903 using an application
programming interface (API) 912 and/or a service layer 913.
The API 912 may include specifications for routines, data
structures, and object classes. The API 912 may be either
computer-language independent or dependent and refer to a
complete interface, a single function, or even a set of APIs.
The service layer 913 provides software services to the com-
puter 902 and/or the computing system 100. The functionality
of the computer 902 may be accessible for all service con-
sumers using this service layer. Software services, such as
those provided by the service layer 913, provide reusable,
defined business functionalities through a defined interface.
For example, the interface may be software written in JAVA,
C++, or other suitable language providing data in extensible
markup language (XML) format or other suitable format.
While illustrated as an integrated component of the computer
902, alternative implementations may illustrate the API 912
and/or the service layer 913 as stand-alone components in
relation to other components of the computer 902 and/or
computing system 100. Moreover, any or all parts of the API
912 and/or the service layer 913 may be implemented as child
or sub-modules of another software module, enterprise appli-
cation, or hardware module without departing from the scope
of this disclosure.

The computer 902 includes an interface 904. Although
illustrated as a single interface 904 in FIG. 9, two or more
interfaces 904 may be used according to particular needs,
desires, or particular implementations of the computer 902
and/or computing system 100. The interface 904 is used by
the computer 902 for communicating with other systems in a
distributed environment—including within the computing
system 100—connected to the network 930 (whether illus-
trated or not). Generally, the interface 904 includes logic
encoded in software and/or hardware in a suitable combina-
tion and operable to communicate with the network 930.
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More specifically, the interface 904 may include software
supporting one or more communication protocols associated
with communications such that the network 930 or interface’s
hardware is operable to communicate physical signals within
and outside of the illustrated computing system 100.

The computer 902 includes a processor 905. Although
illustrated as a single processor 905 in FIG. 9, two or more
processors may be used according to particular needs,
desires, or particular implementations of the computer 902
and/or the computing system 100. Generally, the processor
905 executes instructions and manipulates data to perform the
operations of the computer 902. Specifically, the processor
905 executes the functionality required to run one or more
business applications, provide integration operations, and
handle exceptions in an integration system.

The computer 902 also includes a memory 909 that holds
data for the computer 902 and/or other components of the
computing system 100. Although illustrated as a single
memory 909 in FIG. 9, two or more memories may be used
according to particular needs, desires, or particular imple-
mentations of the computer 902 and/or the computing system
100. While memory 909 is illustrated as an integral compo-
nent of the computer 902, in alternative implementations,
memory 909 can be external to the computer 902 and/or the
computing system 100.

The application 907 is an algorithmic software engine pro-
viding functionality according to particular needs, desires, or
particular implementations of the computer 902 and/or the
computing system 100, particularly with respect to function-
ality required to model exception flows in an integration
system (e.g., including executing one or more business appli-
cations, performing integration operations, and handling
exceptions, or other types of business integration services).
Forexample, application 907 can serve as a sending or receiv-
ing application of a business integration system (e.g., the first
application system 105 or receiving application system 115),
the integration system runtime 110, the integration flow
repository 120, the (exception) flow compiler 130, and/or
other application associated with the computer 902 and/or the
computing system 100. Further, although illustrated as a
single application 907, the application 907 may be imple-
mented as multiple applications 907 on the computer 902. In
addition, although illustrated as integral to the computer 902,
in alternative implementations, the application 907 can be
external to the computer 902 and/or the computing system
100.

There may be any number of computers 902 associated
with, or external to, the computing system 100 and commu-
nicating over network 930. Further, the term “client,” “user,”
and other appropriate terminology may be used interchange-
ably as appropriate without departing from the scope of this
disclosure. Moreover, this disclosure contemplates that many
users may use one computer 902, or that one user may use
multiple computers 902.

Implementations of the subject matter and the functional
operations described in this specification can be implemented
in digital electronic circuitry, in tangibly embodied computer
software or firmware, in computer hardware, including the
structures disclosed in this specification and their structural
equivalents, or in combinations of one or more of them.
Implementations of the subject matter described in this speci-
fication can be implemented as one or more computer pro-
grams, i.e., one or more modules of computer program
instructions encoded on a tangible, non-transitory computer-
storage medium for execution by, or to control the operation
of, data processing apparatus. Alternatively or in addition, the
program instructions can be encoded on an artificially-gen-



US 9,406,040 B2

21

erated propagated signal, e.g., a machine-generated electri-
cal, optical, or electromagnetic signal that is generated to
encode information for transmission to suitable receiver
apparatus for execution by data processing apparatus. The
computer-storage medium can be a machine-readable storage
device, a machine-readable storage substrate, a random or
serial access memory device, or a combination of one or more
of them.

The term “data processing apparatus” refers to data pro-
cessing hardware and encompasses all kinds of apparatus,
devices, and machines for processing data, including, by way
of example, a programmable processor, a computer, or mul-
tiple processors or computers. The apparatus can also be or
further include special purpose logic circuitry, e.g., a central
processing unit (CPU), an FPGA (field programmable gate
array), or an application-specific integrated circuit (ASIC). In
some implementations, the data processing apparatus and/or
special purpose logic circuitry may be hardware-based and/or
software-based. The apparatus can optionally include code
that creates an execution environment for computer pro-
grams, e.g., code that constitutes processor firmware, a pro-
tocol stack, a database management system, an operating
system, or a combination of one or more of them. The present
disclosure contemplates the use of data processing appara-
tuses with or without conventional operating systems, for
example LINUX, UNIX, WINDOWS, MAC OS,
ANDROID, IOS or any other suitable conventional operating
system.

A computer program, which may also be referred to or
described as a program, software, a software application, a
module, a software module, a script, or code, can be written in
any form of programming language, including compiled or
interpreted languages, or declarative or procedural lan-
guages, and it can be deployed in any form, including as a
stand-alone program or as a module, component, subroutine,
or other unit suitable for use in a computing environment. A
computer program may, but need not, correspond to a filein a
file system. A program can be stored in a portion of a file that
holds other programs or data, e.g., one or more scripts stored
in a markup language document, in a single file dedicated to
the program in question, or in multiple coordinated files, e.g.,
files that store one or more modules, sub-programs, or por-
tions of code. A computer program can be deployed to be
executed on one computer or on multiple computers that are
located at one site or distributed across multiple sites and
interconnected by a communication network. While portions
of'the programs illustrated in the various figures are shown as
individual modules that implement the various features and
functionality through various objects, methods, or other pro-
cesses, the programs may instead include a number of sub-
modules, third-party services, components, libraries, and
such, as appropriate. Conversely, the features and function-
ality of various components can be combined into single
components as appropriate.

The processes and logic flows described in this specifica-
tion can be performed by one or more programmable com-
puters executing one or more computer programs to perform
functions by operating on input data and generating output.
The processes and logic flows can also be performed by, and
apparatus can also be implemented as, special purpose logic
circuitry, e.g., a CPU, a FPGA, or an ASIC.

Computers suitable for the execution of a computer pro-
gram can be based on general or special purpose micropro-
cessors, both, or any other kind of CPU. Generally, a CPU
will receive instructions and data from a read-only memory
(ROM) or a random access memory (RAM) or both. The
essential elements of a computer are a CPU for performing or
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executing instructions and one or more memory devices for
storing instructions and data. Generally, a computer will also
include, or be operatively coupled to, receive data from or
transfer data to, or both, one or more mass storage devices for
storing data, e.g., magnetic, magneto-optical disks, or optical
disks. However, a computer need not have such devices.
Moreover, a computer can be embedded in another device,
e.g., amobile telephone, a personal digital assistant (PDA), a
mobile audio or video player, a game console, a global posi-
tioning system (GPS) receiver, or a portable storage device,
e.g., a universal serial bus (USB) flash drive, to name just a
few.

Computer-readable media (transitory or non-transitory, as
appropriate) suitable for storing computer program instruc-
tions and data include all forms of non-volatile memory,
media and memory devices, including by way of example
semiconductor memory devices, e.g., erasable programmable
read-only memory (EPROM), electrically erasable program-
mable read-only memory (EEPROM), and flash memory
devices; magnetic disks, e.g., internal hard disks or remov-
able disks; magneto-optical disks; and CD-ROM, DVD+/-R,
DVD-RAM, and DVD-ROM disks. The memory may store
various objects or data, including caches, classes, frame-
works, applications, backup data, jobs, web pages, web page
templates, database tables, repositories storing business and/
or dynamic information, and any other appropriate informa-
tion including any parameters, variables, algorithms, instruc-
tions, rules, constraints, or references thereto. Additionally,
the memory may include any other appropriate data, such as
logs, policies, security or access data, reporting files, as well
as others. The processor and the memory can be supple-
mented by, or incorporated in, special purpose logic circuitry.

To provide for interaction with a user, implementations of
the subject matter described in this specification can be
implemented on a computer with a display device, e.g.,a CRT
(cathode ray tube), LCD (liquid crystal display), LED (light
emitting diode), or plasma monitor, for displaying informa-
tion to the user and a keyboard and a pointing device, e.g., a
mouse, trackball, or trackpad by which the user can provide
input to the computer. Input may also be provided to the
computer using a touchscreen, such as a tablet computer
surface with pressure sensitivity, a multi-touch screen using
capacitive or electric sensing, or other type of touchscreen.
Other kinds of devices can be used to provide for interaction
with a user as well; for example, feedback provided to the user
can be any form of sensory feedback, e.g., visual feedback,
auditory feedback, or tactile feedback; and input from the
user can be received in any form, including acoustic, speech,
or tactile input. In addition, a computer can interact with a
user by sending documents to and receiving documents from
a device that is used by the user; for example, by sending web
pages to a web browser on a user’s client device in response
to requests received from the web browser.

The term “graphical user interface,” or “GUIL” may be used
in the singular or the plural to describe one or more graphical
user interfaces and each of the displays of a particular graphi-
cal user interface. Therefore, a GUI may represent any
graphical user interface, including but not limited to, a web
browser, a touch screen, or a command line interface (CLI)
that processes information and efficiently presents the infor-
mation results to the user. In general, a GUI may include a
plurality of user interface (UI) elements, some or all associ-
ated with a web browser, such as interactive fields, pull-down
lists, and buttons operable by the business suite user. These
and other Ul elements may be related to or represent the
functions of the web browser.
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Implementations of the subject matter described in this
specification can be implemented in a computing system that
includes a back-end component, e.g., as a data server, or that
includes a middleware component, e.g., an application server,
or that includes a front-end component, e.g., a client com-
puter having a graphical user interface or a Web browser
through which a user can interact with an implementation of
the subject matter described in this specification, or any com-
bination of one or more such back-end, middleware, or front-
end components. The components of the system can be inter-
connected by any form or medium of wireline and/or wireless
digital data communication, e.g., a communication network.
Examples of communication networks include a local area
network (LAN), a radio access network (RAN), a metropoli-
tan area network (MAN), a wide area network (WAN),
Worldwide Interoperability for Microwave Access
(WIMAX), a wireless local area network (WLAN) using, for
example, 802.11 a/b/g/n and/or 802.20, all or a portion of the
Internet, and/or any other communication system or systems
at one or more locations. The network may communicate
with, for example, Internet Protocol (IP) packets, Frame
Relay frames, Asynchronous Transfer Mode (ATM) cells,
voice, video, data, and/or other suitable information between
network addresses.

The computing system can include clients and servers. A
client and server are generally remote from each other and
typically interact through a communication network. The
relationship of client and server arises by virtue of computer
programs running on the respective computers and having a
client-server relationship to each other.

In some implementations, any or all of the components of
the computing system, both hardware and/or software, may
interface with each other and/or the interface using an appli-
cation programming interface (API) and/or a service layer.
The API may include specifications for routines, data struc-
tures, and object classes. The API may be either computer
language independent or dependent and refer to a complete
interface, a single function, or even a set of APIs. The service
layer provides software services to the computing system.
The functionality of the various components of the computing
system may be accessible for all service consumers via this
service layer. Software services provide reusable, defined
business functionalities through a defined interface. For
example, the interface may be software written in JAVA, C++,
or other suitable language providing data in extensible
markup language (XML) format or other suitable format. The
API and/or service layer may be an integral and/or a stand-
alone component in relation to other components of the com-
puting system. Moreover, any or all parts of the service layer
may be implemented as child or sub-modules of another
software module, enterprise application, or hardware module
without departing from the scope of this disclosure.

While this specification contains many specific implemen-
tation details, these should not be construed as limitations on
the scope of any invention or on the scope of what may be
claimed, but rather as descriptions of features that may be
specific to particular implementations of particular inven-
tions. Certain features that are described in this specification
in the context of separate implementations can also be imple-
mented in combination in a single implementation. Con-
versely, various features that are described in the context of a
single implementation can also be implemented in multiple
implementations separately or in any suitable sub-combina-
tion. Moreover, although features may be described above as
acting in certain combinations and even initially claimed as
such, one or more features from a claimed combination can in
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some cases be excised from the combination, and the claimed
combination may be directed to a sub-combination or varia-
tion of a sub-combination.

Similarly, while operations are depicted in the drawings in
a particular order, this should not be understood as requiring
that such operations be performed in the particular order
shown or in sequential order, or that all illustrated operations
be performed, to achieve desirable results. In certain circum-
stances, multitasking and parallel processing may be advan-
tageous. Moreover, the separation and/or integration of vari-
ous system modules and components in the implementations
described above should not be understood as requiring such
separation and/or integration in all implementations, and it
should be understood that the described program components
and systems can generally be integrated together in a single
software product or packaged into multiple software prod-
ucts.

Particular implementations of the subject matter have been
described. Other implementations, alterations, and permuta-
tions of the described implementations are within the scope of
the following claims, as will be apparent to those skilled in the
art. For example, the actions recited in the claims can be
performed in a different order and still achieve desirable
results.

Accordingly, the above description of example implemen-
tations does not define or constrain this disclosure. Other
changes, substitutions, and alterations are also possible with-
out departing from the spirit and scope of this disclosure.

What is claimed is:

1. A computer-implemented method of an application inte-
gration system comprising:

identifying, by operation of an application integration sys-

tem, an exception corresponding to an integration opera-
tion of an integration process;

determining, by operation of the application integration

system, a type of the exception;

determining, by operation of the application integration

system, one or more exception handling patterns for the
type of the exception, wherein a failover router process
is used to react on non-callable exception handling pat-
terns within a sequence of integration patterns by calling
alternative integration pattern channels without requir-
ing external configuration messages, and wherein the
alternative integration pattern channels are modeled
explicitly; and

configuring, by operation of the application integration

system, an exception flow of the integration process
based on the one or more exception handling patterns.

2. The method of claim 1, comprising classifying excep-
tions into a plurality of types.

3. The method of claim 1, comprising providing a visual-
ization of the exception flow.

4. The method of claim 1, wherein the exception handling
patterns are syntactically mapped to Business Process Model
and Notation (BPMN) and its execution semantics.

5. The method of claim 1, wherein the type of the exception
comprises one or more of an activity failure, a message flow
failure, a timeout, resource unavailability, an external event,
or a constraint violation.

6. The method of claim 1, wherein the one or more excep-
tion handling patterns comprise one or more of aretry pattern,
a failover router, a compensation sphere, an exception sphere,
a dead letter channel, or an invalid message channel.

7. The method of claim 1, wherein the exception flow is
configured to realize one or more of a quality of service
(QoS), a message exchange pattern (MEP), or an enterprise
integration pattern (EIP) integration logic.
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8. A non-transitory, computer-readable medium storing
computer-readable instructions executable by a computer and
configured to:

identify an exception corresponding to an integration

operation of an integration process;

determine a type of the exception;

determine one or more exception handling patterns for the

type of the exception, wherein a failover router process
is used to react on non-callable exception handling pat-
terns within a sequence of integration patterns by calling
alternative integration pattern channels without requir-
ing external configuration messages, and wherein the
alternative integration pattern channels are modeled
explicitly; and

configure an exception flow of the integration process

based on the one or more exception handling patterns.

9. The medium of claim 8, comprising instructions to clas-
sify exceptions into a plurality of types.

10. The medium of claim 8, comprising instructions to
provide a visualization of the exception flow.

11. The medium of claim 8, wherein the exception han-
dling patterns are syntactically mapped to Business Process
Model and Notation (BPMN) and its execution semantics.

12. The medium of claim 8, wherein the type of the excep-
tion comprises one or more of an activity failure, a message
flow failure, a timeout, resource unavailability, an external
event, or a constraint violation.

13. The medium of claim 8, wherein the one or more
exception handling patterns comprise one or more of a retry
pattern, a failover router, a compensation sphere, an excep-
tion sphere, a dead letter channel, or an invalid message
channel.

14. The medium of claim 8, wherein the exception flow is
configured to realize one or more of a quality of service
(QoS), a message exchange pattern (MEP), or an enterprise
integration pattern (EIP) integration logic.
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15. A system, comprising:

a memory;

at least one hardware processor interoperably coupled with

the memory and configured to:

identify an exception corresponding to an integration
operation of an integration process;

identify a type of the exception;

determine one or more exception handling patterns for
the type of the exception, wherein a failover router
process is used to react on non-callable exception
handling patterns within a sequence of integration
patterns by calling alternative integration pattern
channels without requiring external configuration
messages, and wherein the alternative integration pat-
tern channels are modeled explicitly; and

configure an exception flow of the integration process
based on the one or more exception handling patterns.

16. The system of claim 15, wherein the at least one hard-
ware processor configured to provide a visualization of the
exception flow.

17. The system of claim 15, wherein the exception han-
dling patterns are syntactically mapped to Business Process
Model and Notation (BPMN) and its execution semantics.

18. The system of claim 15, wherein the type of the excep-
tion comprises one or more of an activity failure, a message
flow failure, a timeout, resource unavailability, an external
event, or a constraint violation.

19. The system of claim 15, wherein the one or more
exception handling patterns comprise one or more of a retry
pattern, a failover router, a compensation sphere, an excep-
tion sphere, a dead letter channel, or an invalid message
channel.

20. The system of claim 15, wherein the exception flow is
configured to realize one or more of a quality of service
(QoS), a message exchange pattern (MEP), or an enterprise
integration pattern (EIP) integration logic.
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